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Abstract

‘The fatigue life of thin filmctalinterconnections in high density electronics
packaging subjected to thermal cycling has beenevaluated using a probabilistic fracture
mechanics methodology. This probabilistiomethodology includes characteri zation of
thin film stress using an experimientally calibrated finite elementmodel and simulation
of fiaw growth in the thin mictalfilijisuang a stochastic crack growth model. The
stochastic fatigue life simulation cei11 consider average temperature, thermal cycle
amplitude, geometry, material flaw g1 ow (hbchavior, initial flaw size, and uncertaintics
about the governing parameters andt e accilacy of analyticalmodels. The probabilistic
approach cnable s sensitivity analyses to b performed to identifly the most important
service life and failure risk drivers, ~othiitdevelopment effort@n be focused [1101°C
cffectively to achieve serviec life godils
Introduction

The thin film multifayer sauctuores used in multichip module substrates of high
density clectronic packaging are suhieCtio failute doe to thermally induced Stress
cycling. These thin film stroctwes consistof layers of interconmects and dielectrics
deposited and patternedusing (11 nifailinreesiiques. i he multila yer substrate considered
in this paper is a structural systcin comyprised of thin film laycis of  silicon dioxide
dielectric deposited by plasmacnhanced chemical vapor deposition, aluminum aloy
conductors deposited by sputicring, gand anodized alwminun thinfilny capacitors, all
deposited on a silicon waft].

The application) of fracturenwcchiinics to analyze fatiguc flaw growth due to
thermal cycling in high density elc tronics packaging using thin films requires detailed
knowledge of the stress disttibutionwithirthe thin film layers, 111:,11 stiess exists in the
interconnect structure duc to thennsmagliin the coefficients of thermal expansion
between the thin film Jayers (theyimas) stess)and due to the fatnication and  deposition
processes (intrinsic stress).

Stress and Fatipue Life Analysis

The method used to chatacterize ~tress and evaluate alominum alloy intcrcon-
'lJet Propulsion laboratory, Califorma lintitute of Technology, Pasadena, CA 91109
Structural Integrity Engincering , Chatsworth, CA91311
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Figure 1. Method Used to Evaluate Interconnect Fatigue Life

nect fatigue lifeisshown in Fagme 1 “Lhecxperimental stiess characterization using
the X-ray rocking curve techniguewispeior me on substi ate samples removed from
the manufacturing process atdiffcrentsiapes of completion. The result of the thin film
stress measurements were used to caltnate finite clement models of the substrate
(Kolawa, 1995). Finite elementmodds of” features of the aluminum interconnections
were constructed with the aid of highimagnification photographs to define substrate
geometry. The stresses in the aluminminicrconnections werc usedina fatigue flaw
growthmodel to predict substrate service hie under thermal cyching. The fatigue flaw
growth analysis was performed probubilisically to enable the identification of infor-
mation about important gover ning paramnctersthatisneeded to define designs that will
survive in extreme thermal environments.

In the flaw growth analysispresintedhere, the fatiguce life of aluminum
interconnects subjected to thermalcycling IS computed probabilistically. The crack
growth modelused in thisanalysiscan consider cyclic stress due to thermal cycling,
mechanical vibration, orothc time virvingloads. A Monte Catlo simulation procedure
isused to calculate life distributions,

The stochastic crack growthiate cquationis piven by

da { ¢ ,»',R)m O‘do AR [ Ry K N Mok AK 11 ()
dN [~ RYK, - oy AK TY

in which daldN isthe crack growthiate, AK isthe stress intensity factor (SIEF) range,
AKqyris the threshold stiessintensity faciorrange, K, iS the critical stress intensity
factor, R is the stress ratio, and ' s, p, ndgareparametersdetermined from crack
growth data. Uncertainty aboutthe caiciowththieshold may be represented in the
value of AK7yy, which is anasymptotetoticcrack growthnate curve at its lower end.
Uncertainty about this asymptote 1, 1enily capturedbyusing ascale parameter
AAK7- When Aakyy =1, Equation (T includes the ¢rack growth threshold AKqy;. When
AaKyy = O, there is no crack prowth thiesholdinBguation (1) and all initial flaws will
grow. A second parameter, . ;. isusedin 1 quation (1) to repr L.sent uncertainty about
location of the crack growthcurve —Chenominal da/dN cutve corresponds to Agg= 1.
Whendy, > 1, the crack growth corveisshifted to the left and gives higher values of
daldN foraspecified value of Ah. Axk 0110 A g, may be characterized by probability
distributions, or they may b treated paravnctrically,

The standard stress intensity factorsolution for an edge ¢ ack in a finite width
plate subject to axial stresses wasciployedtocaleulate AK for the thin filminterconnect
strips using the stress as determined by Equation (2). This S1E expression is given as
case. TCO2inNASA/ISC, 1980.
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The stresses produced in the slaninum interconnects due to thenmal cycling are

Owmin = 7\ (A‘I(‘S‘ res’ S'l'/\-l /‘>) ’ Orax - )“(s ()‘/m rm{ S AT /?) (2

where Ag = finite element stiess analysis unceriainty, 0, @ 1esidual stress, A, o =
residual stress measurement unceriainty, Al = temperature change, Sy thermal stress
coefficient from finite element analysis. Th. parameters 0, and §4- are obtained from

finite element modeling of the mtciconnect structure.

res

Results

The crack growth modcl for the thin film Al interconnectsis illustrated in Figure
2 for a stress ratio R of 0.75. With the vnifonm distibution for A ;. as shown in Table

da
1, daldN for a specified value of AK can Jall with equal probability at any value between
the daldN curves for Ay, =1 and k,: 4. Thischaracterization of thin filmcrack growth

behavior is based on the fact that h acture tovyhness of thin shects decreases as thickness
decreases below a critical valuc above which plane strain fracture just begins to develop.

Other mformahon (l’nvate Communiation,

99%) about the fracture behavior of thin

10°°f A1 Short Crack: AL ong Crach aluminum foils of

« R=0.1 AR x Al/ALO3 thickness

106|  (Ritchic) » RO0S » ('n/Glass reasonably close to

. K078 (Carm(m) . | that of the intcrcon-

@ 1077 . ) (Rite hict e " | ncets considered
S0t ’ hyg, - A , i .+ ., .| here indicates
K , a S values of fracture
%’ 0% e _'/.i;‘:'.j‘ ]““ toughness K. of
3 T A about 10% to 25%
10 o e of a typica valuc

. 2 for larger sections.

1011 : In addition to
reduced fracture

1012 ) : i toughness K c,

AR (VY

“hJdt crack” be-

ha vior is con-
sidered to be a
recasonable pos-
sibility for flaws in very thin aluminu nhilins. Thereis nocrack growth threshold with
“short crack”behavior, that is. allflaw s provwunderstiess cyching. The characterization
of crack growth behavior showniniioure captures poth Of the s attributes.

The unrelaxed axial stressintheitterconnect strip is ciica 900 MPa at room
temperature, and the relaxed sticss 1S xpected to be about 50% of the unrelaxed value.
The cumulative life distributions obtained fiomMonte Carlo sinmulations (20,()()0 trias)
with o,,, a 450 MI’s and 900 MPu, initial i(.feet size a;at 0.1pimand 0.25 pm, and a
thermal cycle amplitude of + 40C to
The stress characterization and fatiguc hife simulation results for the aluminum/silicon
dioxide substrate indicate thathiglhicsidualstresses in the aluniinum interconnect lines
coupled with stress cycling ductoth rinatcycles will drive the propagation of small

Figure 2. Crack Growth Rate (‘urves with A 075, m = 0.5,
)\'AK']” ~0,and K(t = ]0

10Ca1e sizown in Figure 3.
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Table 1. Crack Growth Modcl Pai dnetels
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Threshold parameter, AAK 7y,
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Figure 3.
Thermal Cycling of - 40C (0 +40C
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